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[57] ABSTRACT

To reduce or eliminate reflections from metallic con-
nections on a light emitting diode chip, a method of
making a display device incorporating a light emitting
diode chip ir.cludes the step of electroplating the metal-

~lic parts with a light absorbing material.

- 17 Claims, 3 Drawing Figures
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1
DISPLAY DEVICES

This is a continuation-in- part of Appllcatwn Ser. No.
869,151, filed on Jan. 13, 1978.

This invention relates to a method of maklng dlSplay
devices and more particularly to a method of making
display devices incorporating light emitting diode
chips.

It has been found that displays mcarporatmg light
emitting diodes suffer from reflections from the metallic
connections to the diodes, particularly in very bright
conditions such as aircraft cockpits, causing the dlSplays
to be difficult to read.

It is an object of the present mventmn therefore to
reduce or overcome this problem.

According to the present invention a method of mak-
ing a display device comprises the steps of:
forming a plurality of metallic electrical connections on
 a substrate,
bonding a light emitting diode chip to said substrate,
connecting a number of said plurality of metallic electri-

cal connections to said light emitting diode chip and

electroplating at least some of said metallic electrical
connections with a layer of light absorbing material.

Said layer of light absorbing material may comprise
substantially pure chromium electroplated in such a

manner that the layer produced thereby comprises a

plurality of microscopic particles of chromium, said
microscopic particles being formed into a sponge-like
or honeycomb-like structure whereby it is non-reflec-
tive to direct light. This layer appears black to the
naked eye and 1s hereinafter referred to as “black chro-
mium” /

Altematwely the layer of llght absorbing material
may comprise substantially pure platinum electroplated
to form a structure similar to that described above. This
layer is hereinafter referred to as “black platinum”.

- Embodiments of the invention will now be described
by way of example only and with reference to the ac-
companying drawmgs in which: |

FIG. 1 illustrates in plan view a display device made

by the method acc:ordmg to the invention,

FIG. 2 illustrates in partial cross section taken along
X—X the display device of FIG. 1, and

FIG. 3 illustrates in cross section a display device as
shown in FIGS. 1 and 2 encapsulated by a rigid protec-
tive covering.

With reference to FIGS. 1 and 2 of the drawings a
display device made by the method according to the
invention comprises a substrate 1, for example, made
from ceramic, having two metal bonding pads 2a and
2b, secured to the surface of the substrate. These pads
are, for example, made from gold deposited by printing
a gold-bearing thick film paste on to the substrate and
firing this at high temperature (typically around 1000°
C.) or made by printing a non-precious metal in the
same manner and subsequently electroplating with pure
gold, or made by etching selectively a metal layer de-
posited by vacuum evaporation or sputtering and subse-
quently electroplating with pure gold.

Secured to the pad 2a2 by a conductive adhesive 3 (for
example, a silver loaded epoxy resin) is a light emitting
diode chip 4. The light emitting diode chip is con-
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from the N-type region 4a¢ by means of a transparent

- insulating Iayer 6, for example of silicon nitride. The
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electrode § is also made of gold or a gold rich alloy (e.g.
98% An and 2% Zn) or aluminium or a thin layer of

titanium followed by alummlum and IS connected to the

pad 2b by a goldwire 7.

It will be seen that by applying a potential across the
pads 2a and 2b the light emitting dmde 4 will be energ-
iIsed and will be illuminated.

In order to improve the efficiency of the light emit-
ting diode 4 it has been found necessary to improve the
contrast between the light emanating regions of the
diode 4, and the substrate 1, and the electrical connec-
tions. Thus the substrate 1 is formed from a black or
dark coloured ceramic and the pads 2¢, 25, the elec-
trode 3, the wire 7 and the silver loaded epoxy resin 3 is
electroplated with black chromium or black platinum.
All the metal parts in this embodiment are gold or gold
rich alloys and all these parts are plated with the black
chromium or black platinum. However, it may not be
necessary to electroplate all the metal parts, in which
case these can be made from other metals. Aluminium,
for example, cannot be plated with black chromium or
black platinum and thus the electrode 5 and the wire 7
can be made of aluminium and will not be plated. Tita-
nium and a combination of aluminium and titanium also
cannot be plated and thus those parts which need not be
plated can be made from these materials. The non-met-
allic parts of the display device are also not plated.

The method of producing the display device consists
of firstly producing the substrate 1 from a black or dark

- coloured ceramic, forming the pads 24, and 2b, for

example by depositing by printing a gold bearing thick
film pasts on to the substrate and firing at high tempera-
tures. The light emitting chip 4 is then bonded to a
connector with an electrically conductive adhesive,

such as the silver loaded epoxy resin 3 and the electrode

S of the light emitting diode chip 4 is electrically con-
nected to the other connector 2b by the goldwire 7.

Where the bonding pad 25 is not electrically accessi-
ble by way of the external connections, and pad 24 is so
accessible, the electrical potential on these pads is equal-
ised by connecting these together with an aluminium or
gold shorting wire (not shown). This is required since
during the plating process a potential difference be-
tween these areas will result in inadequate coatings on
one of the connectors.

The substrate together with all the bonding wires and

~ the light emitting diode chip are now cleaned with a
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structed 1n known manner from an N-type region of 65

material 4a (typically gallium phosphide) and a P-type
region 4b (also typically gallium phosphide). An elec-
trode 5 1s secured to the p-type region but is insulated

suitable solvent, for example, heated trichloroethylene
and areas not required to be plated such as certain por-
tions of the connectors 2a and 2b which will have exter-
nal electrical connections are coated with a protective
substance, such as lacquer.

The display device may at this stage be electroplated
with nickel to improve the uniformity of the subsequent
plating of black chromium or black platinum. |

The black chromium or black platinum is then elec-
troplated on to the display device using a solution con-
taining black chromium or black platinum at a current
density in the range 1 to 50 mA/mm? for a period not
exceeding one hour.

The protective substance is now removed by immer-
sion in a suitable solvent such as acetone.

Finally, the aluminium or gold shorting wire is re-
moved, where aluminium is used, this is easily distin-
guished since it is not plated by the black chromium or
the black platinum.



by an electrically conductive adhesive to a metal con-
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3
Whilst a display device using only one light emitting
diode chip has been described, a number of light emit-
ting diode chips may be employed, each being secured

nector. These may be connected together in series using
wires connecting one metal connector to the electrode
of the adjacent light emitting diode chip, or in parallel
by securing all the chips to single metal connector,

- again using wires. .

~ If the light emitting diode chips are connected: in:
series, then the metal connectors carrying the chips are

~ connected together with aluminium or gold wires dur-
ing the electroplating process so that the potentials of
the metal connectors are maintained equal. 15

The display device is protected from damage by en-
capsulating it as shown in FIG. 3. The encapsulation
comprises wall members 8 which can be made from a
suttable light absorbing material such as a black or dark
coloured ceramic or epoxy resin and a glass or plastic
plate 9 secured to the upper edges of the wall members
8. The plate 9 may contain a circular polarizer which
further reduces the amount of any light reflected from
- the display. 25

What 1s claimed is:
1. A method of making a display device including the
steps of:
bonding a plurality of metallic electrical connections
onto a substrate,
bonding a light emitting diode chip to said substrate,
connecting a number of said plurality of metallic
electrical connections to said light emitting diode
chip, and
electroplating at least some of said metallic electrical
connections with a layer of light absorbing mate-
rial, each said layer of light absorbing material
comprising a metallic material having a black
color. |
2. A method according to claim I wherein a number
of said plurality of metallic electrical connections com-
prises a number of gold connectors.

‘3. A method according to claim 2 wherein said light 15
emitting diode chip is bonded to one of said number of
-gold connectors by an electrically conductive adhesive.
- 4. A method according to claim 3 wherein said elec-
‘trically conductive adhesive comprises silver loaded
€pOXy resiin.

30

35

0

i

)

10

4

5. A method according to ciaim 1 wherein a number
of said plurality of metallic electrical connections com-
prises a number of electrically conductive wires.

6. A method according to claim 5 wherein said num-
ber of electrically conductive wires consists of gold.

7. A method according to claim 5 wherein said num-
ber of electrically conductive wires consists of alumin-
ium.

8. A method according to claim 5 wherein said num-
ber of electrically conductive wires consists of a combi-
nation of aluminium and titanium.

9. A method according to claim 1 wherein said layer
of light absorbing material comprises black chromium
a8.
10. A method according to claim 1 wherein said layer
of light absorbing material comprises black platinum.

11. A method according to claim 1 wherein said plu-
rality of metallic electrical connections is maintained at
the same potential by connecting at least one aluminium
wire to said plurality of metallic electrical connections
before electroplating said plurality of metallic electrical
connections with said layer of light absorbing material
and removing said at least one aluminium wire after
electroplating.

12. A method according to claim 1 wherein said dis-
play device is cleaned in heated trichloroethylene be-
fore electroplating with said layer of light absorbing
material.

13. A method according to claim 1 wherein selected
areas of said plurality of metallic electrical connections
are coated with lacquer prior to electroplating with said
layer of light absorbing material.

14. A method according to claim 1 wherein said de-
vice is electroplated with nickel prior to electroplating
with said light absorbing material.

15. A method according to claim 9 wherein said black
chromium is electroplated onto the device using a plat-
ing solution containing chromium at a current density in
the range 1 to 50 mA/mm? for a period not exceeding
one hour.

16. A method according to claim 10 wherein said
black platinum i1s electroplated onto the device using a
plating solution containing platinum at a current density
in the range | to 50 mA/mm?- for a period not exceeding
one hour.

17. A method according to claim 13 wherein said
lacquer 1s removed after electroplating with said layer
of light absorbing material by immersing said dispiay

idevice 1n acetone.
le i e i 4



	Front Page
	Drawings
	Specification
	Claims

